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Abstract 
When a low frequency external variable magnetic field is applied to a ferromagnetic material, a movement of its magnetic 
domains due to the realignment in the direction of the applied field occurs. This realignment produces a signal which is captured 
by a coil in the surface of the studied sample, as a high frequency noise (1 kHz – 1 MHz), known as magnetic Barkhausen noise 
(MBN). In this paper, the study of the signals obtained by the MBN technique in 1020 steel and 99.9% nickel samples is 
presented. The results of this technique are used to identify differences between the signals from different samples, due to the 
finished surface by mechanical polishing, and are compared to their respective crystalline microstructures and magnetic 
properties. 
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1. Introduction 
As it is known in the literature, the magnetic Barkhausen noise (MBN) technique is a non-destructive test method 
in which a variable magnetic field is applied to a ferromagnetic material. These materials possess areas called 
“magnetic domains”, whose sizes are in the order of the micrometer and have a magnetic moment associated. As a 
result of the magnetic field applied, these domains begin to align in the direction of the field and generate an induced 
electromotive force which is detected by a collecting coil placed on the surface of the sample. This signal is 
digitized, allowing its process and analysis as detailed by Willcox et al. (2004). 
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As evidenced in previous studies presented by Ortega Paredes et al. (2011), López Pumarega et al. (2010), Neyra 
Astudillo et al. (2012), the MBN is a technique that allows a superficially analysis indicating whether the 
microstructure of the samples studied is involved in deformation processes. 
Following this line, it is pretended to determine the degree of sensitivity that owns MBN for different degrees of 
deformation [Pérez-Benitez et al. (2006), Garstka (2008), Alberteris Campos et al. (2008)] that occur in the polishing 
according to the particle size of the paper used for the roughing process of a sample. 
 
2.  Methodology, experimental work and results 
Two samples, 1020 steel (10 cm × 9.5 cm × 2 cm) and another of nickel with 99.9% of purity (10 cm × 10 cm × 
0.6 cm) were used for this study, see Fig. 1. 
Both samples were polished with papers of different grain size with the following systematic sequence of types: 
320, 400 and 600. 
At the same time, images with different magnifications (5X, 10X, 20X and 50X) were taken through an optical 
microscope Olympus metallographic BX60M for each of the different stages of polishing. 
To study MBN signals, the measuring configuration consists of a function generator, which was set at a working 
frequency of 10 Hz and 0.5 V of amplitude, a power amplifier, an oscilloscope, a Barkhausen sensor (coil) and a 
yoke or electromagnet.  
On the sample’s surface, a collecting coil is positioned inside an inductor magnetic field yoke. Thus, the 
sinusoidal signal provided by the function generator is applied to the coil yoke producing a variable magnetic field 
required to excite the magnetic domains in the sample. The coil captures the induced electromotive force in the 
surface of the sample corresponding to the MBN signal, see Fig. 2. 
Measurements with the MBN technique for each polishing, with different grain size paper, were realized by 
scanning the surface around 360º from an arbitrary reference system, set up on the surface of the sample for each 
45º. This angular scanning was realized for measure the variations in the value of the amplitude of MBN signals. 
These changes are due to the deformation of the crystal structure generated by the polish, blocking the movement of 
the magnetic domains. 
 
 
 
Fig. 1. (a) 1020 steel sample; (b) nickel sample. 
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Fig. 2. Complete MBN measuring equipment scheme. 
 
In Figs. 3(a) and (b), the crystalline structures of both samples are shown with a magnification of 20X. The 1020 
steel has a homogeneous distribution of equiaxial grain while nickel has a laminar structure; both with two different 
kind of structure. 
 
 
  
Fig. 3. (a) 1020 steel sample at 20X; (b) nickel sample at 20X. 
 
In Figs. 4(a)-(c), images with a magnification of 5X through an optical metallographic microscope are shown. It 
is possible to appreciate scratches by grinding in each process, in this case in nickel with 320, 400 and 600 papers, 
respectively. 
 
 
 
Fig. 4. (a) Ni, 320 polished; (b) Ni, 400 polished; (c) Ni, 600 polished. 
 
Fig. 5 shows the typical signals obtained by the MBN technique for 1020 steel, for each polishing performed 
(papers 320, 400 and 600). 
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Fig. 5. Typical signals of MBN in 1020 steel. (a) 320 polished to 0º; (b) 400 polished to 0º;  
(c) 600 polished to 0º; (d) 320 polished to 90º; (e) 400 polished to 90º; (f) 600 polished to 90º. 
 
 
Figs. 5(a)–(c) present the signals at an angle of 0º and Figs. 5(d)–(f) for a 90º angle. It is possible to appreciate 
the different amplitudes of the MBN signals due to the different roughness level. 
Figs. 6(a) and (b) show the maximum mean amplitude values of the MBN signal for 1020 steel and nickel. In 
these graphs are compared the surface finishes in the different polishing process. Both cases present that when there 
was an increase in the depth of the grooves during the polishing, there was also an increase of the mean amplitude of 
the MBN signal. This is possible to appreciate in the different stages of polish 320, 400 and 600 (see Table 1).  
On the other hand, the mean amplitude of MBN signal for the 1020 steel is approximately the double of the 
nickel value. These differences could be due to the microstructure, grain size and different magnetic properties 
between 1020 steel and nickel, see Fig. 3.  
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Fig. 6. Comparison between 320, 400 and 600 polishing for (a) 1020 steel and (b) nickel. 
 
Table 1 shows fineness of grinding and the stripe size. 
Table 1. Comparison chart abrasive papers. 
Microns ANSI (CAMI) US 
40 320 
25 400 
15 600 
 
Fig. 7(a) shows a polar plot for 1020 steel with a finished surface with paper 320. The symmetry graph shows 
that there is no preferential direction. The isotropy of the surface sample and the absence of surface crystal defects 
show no change in the mean MBN signal presented in the polar diagram. This is due to the uniform grain size 
distribution (see Fig. 3(a)).   
This could not be observed in the polar plot of the nickel sample, see Fig. 7(b), where the microstructure is 
different if compared to 1020 steel. This diagram presents a preferential 90º-270º direction. 
 
 
 
Fig. 7. Polar diagram for 320 polishing of (a) 1020 steel; (b) nickel. 
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3. Conclusion  
The differences between the mean values of the amplitudes in the MBN signals for 1020 steel and nickel samples 
were measured.  
An increase in the maximum mean value of the MBN signal is observed when increase the depth of the grooves 
according to the granulometry of the polish papers used. 
The mean amplitude of MBN signal for the 1020 steel is approximately the double of the nickel value. This could 
be associated with different microstructure observed in the micrographs presented. 
The sensitivity of the MBN technique to differentiate the strains generated in the surface during the polishing 
process is evidenced. 
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